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(57) ABSTRACT

An optical grating phase modulator for a laser interference
photoetching system 1s composed of a substrate, an optical
grating, an electric motor and an optical grating positioner.
The optical grating, the electric motor and the optical grating
positioner are all mounted on the substrate. The optical
grating 1s circular or rectangular, and adopt transmission or
reflection type optical grating. A light beam 1s incident on
the optical grating and generates diflraction, and when the
clectric motor drives the optical grating to continuously
move relative to the incident light beam, diffracted light wall
generate a Irequency shift, thereby realizing the phase
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modulation of the light beam. The optical grating phase
modulator has the advantages of high phase modulation
speed, high regulation precision and wide regulation range,
thereby improving the whole performance of an interference
photoetching system.
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OPTICAL GRATING PHASE MODULATOR
FOR LASER INTERFERENCE
PHOTOETCHING SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a National Stage of International
Patent Application No. PCT/CN2014/070521, entitled
“OPTICAL GRATING PHASE MODULATOR FOR
LASER INTERFERENCE PHOTOETCHING SYSTEM”
and filed on 13 Jan. 2014, which takes priority from Chinese
Patent Application 201310017800.X filed on 17 Jan. 2013,
all of which are incorporated herein by reference in their
entirety.

TECHNICAL FIELD

The present invention relates to an optical grating phase
modulator, particularly, to an optical grating phase modula-
tor for phase modulation 1n a laser interference photoetching,
system.

BACKGROUND ART

Laser interference photoetching 1s an important method of
manufacturing micro or nano-scale array device by exposing,
a photosensitive substrate using periodical diagram gener-
ated by iterference between two or more laser beams. This
photoetching technology 1s mainly applied 1n manufacturing
devices which has a feature size lower than subwavelength
such as hole array/matrix, spot array/matrnix, pillar array/
matrix, grating and micro-lens array etc., which have a wide
application in national defense, civil engineering and scien-
tific research etc.

Recently, some important engineering systems such as
large astronomical telescope, laser 1gnition system for iner-
tial confinement nuclear fusion and photoetching system
etc., have an increasing demanded for size, grid density and
precision, and grating manufacturing 1s developing towards
meter-scaled size, nano-scaled precision and grid density of
sub-10"4, and manufacturing gratings which have large size,
high precision and high grid density has becoming a prob-
lem of main concern which needs to be solved. Conventional
manufacturing technique mainly includes mechanical
scratching, laser direct writing, and mechanical splicing, etc.
The mechanical scratching has the disadvantages of poor
precision 1n large-size processing, long periodical of pro-
cessing, and ghost line present in processed gratings etc. The
laser direct writing has the disadvantages of poor precision
in large-size processing and long periodical of processing
etc. The mechanical splicing has the disadvantages of poor
precision of splicing, complicated splicing process and high
cost etc. Thus it 1s diflicult to use these techniques to achieve
the above mentioned quality. In contrast, laser interference
photoetching or holographic photoetching has advantages of
high grid density and high precision 1n large-size process
and short processing cycle etc. in manufacturing grating of
the above-mentioned high quality, therefore, laser interfer-
ence photoetching 1s gradually becoming the mainstream
technology 1n manufacturing grating of large-size and high
precision. The development of laser interference photoetch-
ing system 1s a major difliculty in laser interference pho-
toetching applicable 1n manufacturing grating of large-size
and high precision, and the development of laser interfer-
ence photoetching system of high precision 1s really high
technology. With respect to the development of laser inter-
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2

ference photoetching system of high precision, major large
companies or corporations and research institutes 1n the art
have exerted lots of efiorts. Image locking of high speed and
high precision 1s a key technology which directly determines
the precision of image locking. Many scientific institutes
have made developments in this field, some of which have
been disclosed 1n patents.

One patent of MIT, 1.e., U.S. Pat. No. 5,142,385 discloses
a laser interference photoetching system which comprises a
image locking device which performs image locking
through phase modulation of beams with an electro-optic
phase modulator, but the electro-optic phase modulator has
the disadvantages of low speed of phase modulation, low
precision of modulation and narrow range of modulation,
which 1s diflicult to meet the requirements for image locking

of high precision.
Another patent of MIT, 1.e., U.S. Pat. No. 6,882,477B1

discloses a scanning laser interference photoetching system,
which comprises an acoustic-optic 1mage locking device
which performs image locking through phase modulation of
beams with an acoustic-optic modulator. Although the
acoustic-optic modulator has advantages of high speed of
modulation, high precision of modulation and infinite range
of modulation etc., however, the acoustic-optic modulator
performs phase modulation through frequency modulation,
which changes the frequency and coherence characteristics.
And during the frequency modulation, the direction of beam
emitted from the acoustic-optic modulator also changes
which may influence the precision of 1mage locking, the
contrast ratio of image, and depth of focus, and size of focal
spot etc. of the system. Besides, the phase modulation by the
acoustic-optic modulator may increase the complicatedness
of optical path of the system. Taking the above issues into
consideration, the phase modulation by the acoustic-optic
modulator may not be an optimal choice. Meanwhile, this
patent also discloses an 1mage locking device which per-
forms i1mage locking through phase modulation with an
optical retlector seat driven by piezoelectric ceramics. This
image locking device performs phase modulation of beams
by changing the position of the reflector with the optical
reflector seat driven by piezoelectric ceramics. This method
does not change the frequency of beams and does not
influence the coherence characteristics of the exposing rays,
but the change of the position of the reflector may influence
the contrast ratio of 1image, and depth of focus and size of
focal spot etc. of the system, and the driving of the optical
reflector seat by piezoelectric ceramics has the disadvan-
tages of low speed of modulation, low precision of modu-
lation, and limited range of modulation, which 1s also
difficult to meet the requirements of 1image locking of high
speed and high precision.

In view of the above problems, the present invention aims
to provide an optical grating phase modulator used for phase
modulation in a laser interference photoetching system, in
which the phase modulator 1s achieved by Doppler shiit
ellect of a moving grating, and such a phase modulator has
the advantages of high speed of phase modulation, high
precision of modulation and wide range of modulation eftc.
With a proper arrangement of laser interference photoetch-
ing system, the phase modulation of the grating phase
modulator does not influence the precision of the system, the
contrast ratio of 1mage, and depth of focus and size of focal
spot etc. of the system, and besides, the optical path of the
system 1s simple, all of which make contributions to the
improvement of the overall performance of the laser inter-
terence photoetching system.
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3
SUMMARY OF THE INVENTION

One object of the present mnvention 1s to provide an optical
grating phase modulator for phase modulation of a laser
interference photoetching system, which has the advantages
of high speed of phase modulation, high precision of phase
modulation, and wide range of modulation. The phase
modulation by the grating phase modulator does not intlu-
ence the precision of system, the contrast ratio, and depth of
focus and si1ze of focal spot etc. of the system, and the optical
path of the system 1s stmple and clear, thereby improving the
overall performance of the laser interference photoetching
system.

The solutions of the present invention are as follows.

An optical grating phase modulator for a laser interfer-
ence photoetching system, wherein: the grating phase modu-
lator 1s a circular grating phase modulator, and the circular
grating phase modulator includes: a circular base plate; a
circular grating; a rotary motor, and a grating positioner;
wherein, at least one said circular grating 1s mounted on the
circular base plate 1n a peripheral direction; the output shatt
ol the rotary motor 1s coupled to the circular base plate; and
the grating positioner 1s mounted on the circular base plate.

Another solution of the present invention 1s: the grating
phase modulator 1s a rectangular grating phase modulator,
and the rectangular grating phase modulator includes: a
rectangular base plate; a rectangular grating; a linear motor,
and a grating positioner; wherein, the at least one said
rectangular gratings are mounted on the rectangular base
plate 1n a longitudinal direction; the rotor or stator of linear
motor 1s coupled to the rectangular base plate; and the
grating positioner 1s mounted on the rectangular base plate.

In the above solutions, the circular gratings and rectan-
gular gratings are blazed transmission gratings or blazed
reflection gratings.

The grating phase modulator for laser interference pho-
toetching system of the present invention has the following
advantages: the grating phase modulator has the advantages
of high speed of phase modulation, high precision of modu-
lation and wide range of modulation. When the grating
phase modulator of present invention 1s applied 1n the laser
interference photoetching system, 1t enable the system to
have simple structure, and enable the system to achieve
image locking of high speed and high precision without
influencing the quality of image, thereby improving the
overall performance of the laser interference photoetching
system.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1llustrates the structure of a first circular grating
phase modulator of the present invention;

FI1G. 2 1llustrates the principle of a circular transmission
grating phase modulator of the present invention;

FIG. 3 illustrates the principle of a circular reflection
grating phase modulator of the present invention;

FIG. 4 1llustrates the structure of a second circular grating,
phase modulator of the present invention;

FI1G. 5 1llustrates the structure of a first rectangular grating
phase modulator of the present invention;

FIG. 6 illustrates the structure of a second rectangular
grating phase modulator of the present invention.

In the Figures, 1—circular grating phase modulator;
11—<circular base plate; 12—circular grating; 121—the first
circular grating; 122—the second circular grating; 123—the
third circular grating; 13—rotary motor; 4—grating posi-
tioner; 2—rectangular grating phase modulator; 21—rect-
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4

angular base plate; 22—rectangular grating; 221—the first
rectangular grating; 222—the second rectangular grating;
223—the third rectangular grating; 23—Ilinear motor.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1l

The embodiments of the present invention will be
described 1n further detail with reference to the drawings.

Referring to FIG. 1, FIG. 1 illustrates the structure of a
first circular grating phase modulator of the present inven-
tion. As shown i FIG. 1, the circular grating phase modu-
lator 1 comprises a circular base plate 11, a circular grating
12, a rotary motor 13 and a grating positioner 4. The circular
grating 12 1s mounted on the circular base plate 11 1n a
peripheral direction, and only one circular grating 1s
mounted in the first circular grating phase modulator (the
pitch of the grating 1s enlarged 1n the Figure for clarity). The
output shaft of the rotary motor 13 1s coupled to the circular
base plate 11, and the grating positioner 4 1s mounted on the
circular base plate 11.

Retferring to FIG. 2, FIG. 2 illustrates the principle of a
circular transmission grating phase modulator. As shown 1n
FIG. 1, the circular grating 12 1s a transmission grating, and
diffraction 1s generated when a beam 1s incident on the
circular grating 12. When the output shaft of the rotary
motor 13 drives the circular grating 12 to continuously move
relative to the incident light beam, the light diffracted from
the grating will generates a frequency shiit, and according to
the formula of the Doppler frequency shiit, the frequency of
diffracted light of each order of 1, beam 1s:

y v
Joo Jer=Jox —, far = Jo
g g
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in which, 1, 1s the frequency of the incident beam, 1, 1s the
frequency of the first order diffraction light, 1, 1s the fre-
quency of the second order diffraction light, v 1s the linear
speed of the grating, and g 1s grating constant. The phase and
frequency of beam has the following relation therebetween:

@:fri’,zrfdr
0

The phase modulation of beam can be performed with the
diffracted light except the f, order difiraction light. The
grating positioner 4 1s configured to detect the incident
position of the beam on the circular grating 12. Referring to
FIG. 3, FIG. 3 illustrates the principle of a circular reflection
grating phase modulator of the present invention. As shown
in FIG. 3, the circular grating 12 1s a reflection grating, the
modulation principle of which 1s similar to that of the
modulator shown 1n FIG. 1 and the only difference therebe-
tween lies 1n the direction of diffracted light. In order to get
a higher efliciency of difiraction, the grating 1s usually a =1
order blazed grating. Compared with an electrical optical
modulator, the grating phase modulator has a high speed of
modulation (driven by a high-speed motor), a high precision
of modulation (high grid density of the grating) and a wide
range of modulation.

Referring to FIG. 4, FIG. 4 illustrates the structure of a
second circular grating phase modulator. As shown 1n FIG.
4, the circular base plate 11 of the circular grating phase
modulator 1s mounted with three circles of circular grating,
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that 1s, a first circular grating 121, a second circular grating,
122 and a third circular grating 123 (the pitches of the
gratings are enlarged for clarity), and these three circular
gratings have different grid densities. When an incident
beam 1s incident on different circular gratings, the diffracted
light of a same order may have different frequencies, which
enables phase modulation with frequency conversion, and
when the circles of grating gets more, the performance of
phase modulation with frequency conversion gets better.
The grating positioner 4 positions the beam to be incident on

different circular gratings.
Referring to FIG. 5, FIG. 5 1llustrates the structure of a

first rectangular grating phase modulator. As shown 1n FIG.
5, a rectangular grating phase modulator 2 includes a rect-
angular base plate 21, a rectangular grating 22, a linear
motor 23 and a grating positioner 4. The rectangular grating
22 1s mounted on the rectangular base plate 21 1n a length-
wise direction, and only one rectangular grating 1s mounted
in the first rectangular grating modulator (the pitch of the
grating 1s enlarged for clarity). The rotor or stator of the
linear motor 23 1s coupled to the rectangular base plate 21,
and the grating positioner 4 1s mounted on the rectangular
base plate 21. A beam 1s 1ncident on the rectangular grating
22 to generate diflraction. When the rotor or stator of the
linear motor 23 drives the rectangular gating 22 to continu-
ously move relative to the incident light beam, the difiracted
light from the grating will have a frequency shiit thus the
frequency 1s shifted.

Referring to FIG. 6, FIG. 6 1llustrates the structure of a
second rectangular grating phase modulator of the present
invention. As shown in FIG. 6, the rectangular base plate 21
ol the rectangular grating phase modulator 1s mounted with
three rectangular gratings, that 1s, a first rectangular grating,
221, a second rectangular grating 222, and a third rectan-
gular grating 223 (the pitches of the gratings are enlarged for
clarity). When an incident beam 1s incident on different
rectangular gratings, the diffracted light of a same order may
have different frequencies, which enables phase modulation
with frequency conversion, and when the number of grating,
gets more, the performance of phase modulation with fre-
quency conversion gets better. The grating positioner 4
positions the beam to be incident on different rectangular
gratings.
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What 1s claimed 1s:

1. An optical grating phase modulator for a laser inter-
ference photoetching system, wherein: the grating phase
modulator 1s a circular grating phase modulator, and the
circular grating phase modulator includes: a circular base
plate; at least three circular gratings each having a diflerent

orid density; a rotary motor, and a grating positioner;
wherein, the at least three circular gratings having different
orid densities are mounted on the circular base plate 1 a
peripheral direction; the output shaft of the rotary motor 1s
coupled to the circular base plate; and the grating positioner
1s mounted on the circular base plate and 1s used to position
an incident beam to be incident on the at least three circular
gratings, such that when the incident beam 1s incident on the
at least three circular gratings, difiracted light of the same
order has different frequencies so as to enable phase modu-
lation with frequency conversion.

2. A rectangular grating phase modulator for a laser
interference photoetching system, wherein: the grating
phase modulator 1s a rectangular grating phase modulator,
and the rectangular grating phase modulator includes: a
rectangular base plate; at least three rectangular gratings
cach having a different grid density; a linear motor, and a
grating positioner; wherein, the at least three rectangular
gratings having different grid densities are mounted on the
rectangular base plate 1 a longitudinal direction; a rotor or
stator of the linear motor 1s coupled to the rectangular base
plate; and the grating positioner 1s mounted on the rectan-
gular base plate and 1s used to position an incident beam to
be 1ncident on the at least three rectangular gratings, such
that when the 1incident beam 1s incident on the at least three
rectangular gratings, difiracted light of the same order has
different frequencies so as to enable phase modulation with
frequency conversion.

3. The grating phase modulator of claim 1, wherein the
circular gratings are blazed transmission gratings or blazed
reflection gratings.

4. The grating phase modulator of claim 2, wherein the
rectangular gratings are blazed transmission gratings or
blazed reflection gratings.
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